A study from over 2 decades ago reported the incidence of traumatic dural sinus thrombosis (DST) as 4% with penetrating head trauma and rare with closed head injury. 25 However, more recently, DST has been documented in 6% to 50% of traumatic skull fractures. 6, 29 Traumatic DST presents with a wide and nonspecific spectrum of signs and symptoms, the most common being a decreased level of consciousness, headache, nausea and vomiting, papilledema, visual abnormality, gait ataxia, seizures, and focal neurological deficits. 1, 3, 9, 10, 16, 19, 26, 30, [33] [34] [35] [36] The exact chain of events that results in thrombosis after head trauma is unclear. Bone fragments, sinus obstruction, or epidural hematoma displacing the adjacent dural venous sinus (DVS) may form an obstruction or turbulent flow, which in turn induces thrombus formation. 3, 11, 16, 36 Noncontrast CT (NCCT) is usually the first urgent aBBreViatiOnS CTV = CT venography; DST = dural sinus thrombosis; DVS = dural venous sinus; GCS = Glasgow Coma Scale; GOS = Glasgow Outcome Scale; ICP = intracranial pressure; NCCT = noncontrast CT; SSS = superior sagittal sinus; TS = transverse sinus. OBJectiVe The aim of this study is to describe the clinical characteristics of patients with skull fracture adjacent to a dural venous sinus (DVS) and evaluate the role of CT venography (CTV) in the diagnosis of the effect of this fracture on the involved DVS. MethODS The study comprised patients with vault or skull base fracture adjacent to a DVS who were admitted to 1 medical center during a 2-year period. The medical records were reviewed for the clinical and radiographic characteristics. All patients had undergone CTV to evaluate potential DVS pathology. The clinical and radiological findings of the patients with DVS pathology were compared with those of the patients with normal DVS. The groups were compared using the chi-square and t-tests for categorical and continuous data, respectively. The potential risk for poor outcome among the patients with DVS pathology was also investigated. reSUltS Of 434 patients with skull fractures, 41 (9.4%) had fractures adjacent to a DVS. DVS pathology was detected in 51% of patients (21 of 41 patients). For 9 (43%) patients, obstruction was extraluminal without thrombosis, and 12 (57%) patients had dural sinus thrombosis (DST). In patients with a positive-CTV scan, the severity of injury according to the Glasgow Coma Scale score at presentation was correlated with the presence of DST (p = 0.007). The sensitivity of noncontrast CT (NCCT) for DVS involvement was 38% among the patients with positive-CTV scans. For patients with DVS pathology, poor outcome was correlated with DST (intraluminal), rather than extraluminal obstruction without thrombosis (p = 0.02), and superior sagittal sinus (SSS) involvement (p = 0.05). cOnclUSiOnS NCCT is not sensitive enough to detect DVS obstruction in patients with skull fracture adjacent to a DVS, and CTV should be performed in order to rule it out. A correlation was found between the severity of injury and the presence of DST, rather than extraluminal obstruction. The authors' findings suggest that DST and SSS involvement may be indicators of poor outcome in patients with skull fracture adjacent to DVS.
imaging study performed for head injury patients. 2, 4, 14, 16 Findings suggestive of DST on NCCT scan include highdensity clots in the cortical veins and DVS, which are termed the "cord" and "dense triangle" sign, respectively. 2 In patients after head injury, a fracture crossing over a DVS or an adjacent hematoma seen on NCCT scan may indicate thrombosis. 3, 6, 8, 16, 25 More sensitive and specific is the "empty delta" sign, which is visible after contrast injection, and represents a filling defect within a DVS.
2, 32 The use of high-speed CT scanners enables scanning during peak venous enhancement and thus increases sensitivity to obstructions within intracranial venous structures. 16, 20 Although very few systematic studies have assessed diagnostic strategies against a gold standard, both gadolinium-enhanced MR techniques and multislice contrast-enhanced CT (i.e., CT venography) are considered reliable techniques for the diagnosis of DST. 23, 24 Nonetheless, in the clinical setting of the acutely injured patient, CT venography (CTV) has some obvious practical advantages over MR techniques due to its availability, simplified screening process, and the short time of the procedure. 16, 27, 28 While the treatment of choice in adults with nontraumatic DST is anticoagulation therapy, 5, 13, 14 no specific therapy directed against the thrombotic process is generally recommended for traumatic DST, especially with mild injury. 1, 15, 16, 19, [35] [36] [37] However, surgical treatment or endovascular intervention is a safe and effective approach, especially for patients with severely elevated intracranial pressure (ICP) syndrome whose conditions are refractory to systemic anticoagulation. 3, 9, 10, 21, 25, 30, 32, 33, 37 Yet, no large-series data dealing specifically with the outcome of traumatic DVS obstruction with or without thrombosis are available.
The aims of this study were to describe the clinical and radiological characteristics of patients with skull fracture adjacent to DVS (i.e., crossed over the sinus) in order to assess treatment and outcomes and evaluate the role of CTV in the diagnosis of DVS pathology in these patients.
Methods

Patients
The cohort comprised patients who were admitted to Soroka Medical Center and had skull fracture crossing a DVS, as detected by NCCT scans. During a 2-year period, all patients had undergone evaluation for DVS involvement using CTV according to our clinical protocol. We collected patient files after cross-matching data from 3 sources, 2 of which were computerized (the ICD-9 system for discharge diagnosis and the database of the Department of Radiology). This procedure helped reduce ascertainment bias. This study was approved by the local institutional review board at Soroka Medical Center.
Patient medical records were reviewed and analyzed for demographic parameters, clinical features, radiographic findings, treatment, and outcome. Injury severity was classified, using the Glasgow Coma Scale (GCS) as mild (GCS Score 14-15), moderate (GCS Score 9-13), or severe (GCS Score 3-8).
20 Treatment was defined as conservative (e.g., observation), surgical, or medical (e.g., anticoagulants). All patients were followed for at least 1 year from the injury, and the mean follow-up time was 9.3 months. Outcomes were evaluated using the Glasgow Outcome Scale score (GOS Score 5, good recovery and mild disability; GOS Score 4, moderate disability; GOS Score 3, severe disability; GOS Score 2, persistent vegetative state; or GOS Score 1, death). 31 Unfavorable outcome was defined as GOS Score 1-3, and favorable outcome was defined as GOS Score 4-5.
imaging techniques and interpretation
At the emergency room of our medical center, the imaging protocols for patients with head injury include CT and CTV (if needed). Subsequent imaging may include MR and MR venography, especially for pediatric patients if they are able to withstand it. The NCCT scans were performed using an axial technique with 120 to 140 kVp, 170 mA, and 5.0-mm-thick section reconstructions for the standard head algorithm and 2.5-mm-thick section reconstructions for the head-bone algorithm. The NCCT films were screened for the following parameters: the location of the fracture, the appearances and locations of the hematomas (epidural, subdural, or subarachnoid) or parenchymal hemorrhages, the presence of contusions, sizes of the ventricles, signs of white matter edema and intracranial air bubbles, and the presence of the dense triangle or cord sign.
CTV was used to illustrate DVS involvement in patients with head trauma. CTV was performed on the head from the base of the C-1 vertebra to the vertex after a fixed 60-second delay between the onset of contrast material injection and the start of scanning. A 65-to 85-ml volume of nonionic iodinated contrast material was injected into the antecubital vein at 4 to 5 ml/second using a power injector. In children younger than 2 years, the material was injected manually by a trained intensive care unit physician. The following scanning and reconstruction parameters were used: pitch of 0.5; collimation of 1.25 mm; maximal tube current of 250 mA; tube voltage of 120 kVp; field of view of 22 cm; and 1.25-mm-thick section reconstruction. Standard maximum-intensity projection images of the major intracranial venous structures were created. Threedimensional reformation with the transparency technique was performed to enable correlating the lesion in the sinus with the abnormal bone.
Both CTV and NCCT studies are components of our routine clinical protocol. For the current study, the same trained, experienced neuroradiologist, who was blinded to the clinical status upon arrival and outcomes, reviewed the NCCT and CTV studies. The following findings were tabulated: empty delta sign; gyral enhancement; tentorial enhancement; and the presence, degree, and type of a DVS obstruction. When such a distortion was found, it was classified according to its degree as complete or partial, and its type was classified as extraluminal (epidural hematoma or depressed skull fracture that displaces the adjacent DVS without signs of a filling defect within a DVS lumen), intraluminal due to a thrombus within a DVS (DST), or as a combination of these 2 findings.
Statistical analyses
The following variables were examined: age; sex; mech- 
results
Demographic and clinical characteristics
During the study period, 434 admitted patients were identified with skull fractures. Of these, 41 (9.4%) patients had fractures adjacent to a DVS and were further evaluated using CTV. In 21 patients, some degree of distortion of a DVS was found (the positive-CTV group). These patients comprised 4.8% of all patients with skull fracture and 51% of those who underwent CTV. Fifteen (71%) patients were male, 6 (29%) patients were female, the age range was 4 months to 86 years, the median age was 13 years, and the mean age was 17.6 years. In the other 20 patients, no distortion of the DVS system was established by CTV (the negative-CTV group). Sixteen (80%) patients were male, 4 (20%) patients were female, the age range was 1 to 48 years (mean age 14.65 years; p = 0.61), and 13 of the patients with normal sinuses (65%) were younger than 16 years.
A higher proportion of patients in the positive-CTV group had severe injury (GCS Score 3-8) than patients in the negative-CTV group: 7 (33%) patients versus 4 (20%) patients, respectively. Moreover, 5 of 7 severely injured patients (71%) in the positive-CTV group arrived with GCS scores ≤ 5, whereas only 1 of 4 severely injured patients in the negative-CTV group (25%) had GCS scores ≤ 5. Severe clinical manifestations were more prevalent in the positive-than in the negative-CTV group (Table 1) . We used the chi-square test to compare the positive-and negative-CTV groups. Importantly, within the positive-CTV group, these signs were more common among severely injured (6 of 7 patients [86%]) than mildly to moderately injured patients (1 of 14 patients [7%]; p = 0.001). In addition, most of the mildly to moderately injured patients in the positive-CTV group (9 of 14 patients [64%]) were defined as harboring pure extraluminal lesions, whereas all severely injured patients (7 of 7 patients) were found to have a component of DST (intraluminal) on their CTV (p = 0.007).
radiological Findings
Findings suggestive of the presence of a pathological DVS on the NCCT scans (except from a fracture line ad- jacent to a DVS) were either direct (dense triangle sign suspected to be intraluminal DST) or indirect (hematoma or air bubbles over the course of the DVS suspected to be an extraluminal lesion). The most statistically significant finding was white matter edema (p < 0.01).
In the positive-CTV group, the dense triangle sign on NCCT was detected in only 8 patients (38%). Indirect suggestive findings were more common and recognized in 14 patients (67%) ( Table 2 ). Still, in these 8 patients (53%), of those with an established obstruction of a DVS, the initial NCCT scan showed no indication of such an obstruction. Of the patients with normal NCCT, 7 patients were children younger than 16 years. All of these patients had a parietal, biparietal, occipital, or combined fracture. A fall from a height was the mechanism of injury in 4 patients and road accident in 3 patients. For 1 child, abuse was suspected. A GCS score of 15 was observed in 4 patients in the NCCT group at the time of admission: 2 patients were admitted with a GCS score of 12, and 2 patients as GCS score of 8. The GOS score was 5 in 6 children, 4 in 1 child, and 3 in another child. Importantly, of these 8 patients, 4 were found to have complete obstruction on CTV (2 patients with an extraluminal obstruction and 2 with a large DST).
Within the positive-CTV group, in 9 (43%) patients the type of distortion was extraluminal with no signs of a filling defect in CTV. In 6 of these patients, the cause of this distortion was an epidural hematoma that displaced the adjacent DVS, and in 3 patients the cause was a bone fragment from a depressed skull fracture. In 4 patients (19%), filling defects were observed on CTV without any signs of extraluminal sinus compression. Eight other patients (38%) were found to have both types of distortion. Figure  1 demonstrates the relative involvement of the DVS. Figures 2 and 3 demonstrate the importance of CTV in cases in which the routine NCCT scan seems to be unremarkable.
treatment
Conservative treatment-i.e., bed rest, hydration, and close observation-was initiated in 18 patients. Three patients were operated on soon after they presented to our service, for evacuation of either an epidural or subdural hematoma that was fully obstructing the sinus. ICP monitoring was performed in 6 patients according to common practice indications. Another 3 patients had initial clinical improvement and then deteriorated due to occlusion of the dural sinuses. One of these patients was a 14-year-old girl who arrived to the hospital with a GCS score of 12 after a road accident. Initial CT showed no abnormal findings other than a fracture adjacent to the right transverse sinus (TS). She gradually improved, and on Day 4 she complained of severe headache and vomiting. On examination, this patient had cranial nerve VI palsy and papilledema. CTV showed thrombosis of the right transverse-sigmoid sinus (Fig. 3C) . Anticoagulant therapy was started (80 U/ day low-molecular-weight heparin), and she significantly improved over time. Six months after the injury, she fully recovered (GOS Score 5). Follow-up CTV revealed recanalization through the obstructed sinus.
The second of the 3 patients was a 22-year-old man who arrived with a GCS score of 6 after a road accident. The initial CT scan revealed a depressed fracture over the superior sagittal sinus (SSS) and an epidural hematoma. An urgent craniotomy was performed to evacuate the hematoma and elevate the depressed fracture. During surgery, tears in the SSS were identified and sutured to prevent bleeding. An ICP monitor was inserted and was medically controlled for 4 days. On Day 5, ICP was elevated significantly with no medical control. The patient still had a GCS score of 6 and his pupils were normal, but the first signs of papilledema (the loss of the venous pulsations and a blurred temporal border) were seen. CTV showed sinus vein thrombosis of the SSS. Although this patient still had intraparenchymal contusions and we were aware of the risk of secondary bleeding, a decision was made to commence anticoagulant therapy (1000 U/hour heparin without a loading dose). Six hours after the initiation of heparin and every 24 hours, CT scanning was performed to exclude secondary bleeding. Three days later, the ICP was controlled again with no more signs of sinus reflow. The patient gradually improved, the ICP monitor device was removed 10 days after the injury, and heparin was switched to low-molecular-weight heparin (enoxaparin). Six months later, the patient had a GOS score of 3. Recanalization of the involved DVS was noticed on a follow-up CTV.
The third patient-a 3-year-old boy who fell from a 6-m height-arrived at the emergency department with a GCS score of 4 and with fully dilated pupils. Initial NCCT revealed multiple brain contusions, massive brain edema, and a longitudinal fracture running down from the right parietal bone to the left side of the skull, all the way down to the occipital bone and crossing the SSS and left TS. Due to the hemorrhages, it was decided not to start anticoagulant therapy. Due to lung and abdominal injuries, he became hemodynamically unstable, developed disseminated intravascular coagulation, and eventually died within 48 hours from multiorgan failure.
Outcome
In both the positive-and negative-CTV groups, 1 patient died during admission. An unfavorable outcome (GOS Score 1-3) was defined at the end of the clinical follow-up period (1 year) in 3 (15%) and 6 (29%) patients in the negative-and positive-CTV groups, respectively (p = 0.45). Of the 6 patients with an unfavorable outcome in the positive-CTV group, 5 (83%) arrived with GCS scores ≤ 9 and had multiple intraparenchymal injuries, including edema, contusions, and epidural or subdural hemorrhage. Of these 6 patients, 1 patient died due to severe and diffuse axonal injury and parenchymal hemorrhagic contusion (GOS Score 1), 1 patient was discharged in a vegetative state (GOS Score 2), and 4 patients had severe neurological deficits (GOS Score 3).
We used the nonparametric Fisher's exact test and found a correlation between outcome and the degree of obstruction and type of distortion. Forty percent of patients with complete obstruction had unfavorable outcomes, whereas all patients with partial obstruction were discharged with a favorable outcome (p = 0.12). Likewise, when the obstruction included a component of (intraluminal) DST, an unfavorable outcome was observed in 50% of patients, while all patients with pure extraluminal obstruction had a favorable outcome (p = 0.02). Dominant involvement of a central DVS (e.g., SSS, confluence of sinuses) was also associated with an unfavorable outcome (p = 0.05; Table 3 ).
Discussion
A number of large multicenter studies involving DST have been published. 7, 12, 29 However, only a small number of trials and case reports dealing specifically with posttraumatic DST are available in the English-language literature. Our results of 21 patients-all with closed head injury and some degree of obstruction in a DVS-indicate that this disturbance is not uncommon among the patients admitted to our institution with a skull fracture: the incidence rate was 4.8%. Moreover, among those patients with a fracture line adjacent to a DVS, 51% were found to have some degree of obstruction within their DVS system. These findings correlate well with the results of other studies. 6, 29 No specific symptom or sign among the patients in the positive-CTV group was found to be an indicator of the presence of DVS obstruction. Furthermore, all symptoms 
FIg. 3. a:
Images obtained in a 16-year-old boy who was assaulted with a baseball bat. He arrived as GCS Score 12 and suffered headaches and vomiting. CTV axial and parasagittal reconstruction perpendicular to the TS demonstrate the depressed fracture (arrows) over the right TS causing extraluminal obstruction of the dural sinuses. He was observed for a few days in the intensive care unit and with time recovered fully. B: A 9-year-old boy who fell from a bicycle without a helmet. He arrived with GCS Score 6 and was intubated and sedated. CTV with sagittal and coronal reconstructions along and perpendicular to the SSS demonstrate a linear fracture crossing the SSS and epidural hematoma (black arrows). This resulted in extraluminal narrowing of the sinus (white arrows). Follow-up CTV in the sagittal plane after evacuation of the hematoma demonstrated the reopening of the SSS. The boy was discharged to a rehabilitation center with motor dysphasia, nystagmus, and right hemiparesis. GOS at 6 months after the injury was 3. c: CTV obtained in a 14-year-old girl after a road accident. The initial CT showed a fracture adjacent to the right TS. On Day 4, she developed a headache and vomiting, cranial nerve VI palsy, and papilledema. The coronal reconstruction reveals a minimally depressed fracture adjacent to the right TS and the empty delta sign secondary to the dural sinus thrombosis (arrows). The patient was treated with low-molecular-weight heparin and recovered fully. D: Axial NCCT demonstrating a depressed fracture obliterating the SSS (white arrows on the left image). This 18-year-old male patient arrived as GCS Score 14 after a road accident. He was confused and had obvious rhinorrhea. A bifrontal craniotomy was performed. After remodeling of the fracture and the skull base, sagittal reconstructed CTV demonstrated a reopening of the SSS (white arrows in the right image). The patient recovered fully with GOS 5. e: A 3-year-old boy who fell from a height and arrived as GCS Score 4 with dilated pupils and multitrauma. Unfortunately, this child died of multiorgan failure. Axial NCCT demonstrated a linear fracture (white arrows in the left image) adjacent to the coronal suture crossing the SSS. Sagittal reconstructed CTV demonstrated the complete abrupt obstruction of the anterior part of the SSS due to thrombosis (white arrows in the middle image) and reduced enhancement of both frontal lobes as shown by the black arrows. F: A 40-year-old man who had a minor head injury due to a fall. He suffered increasing headaches over a few days and had no neurological deficit upon arrival to the emergency department. NCCT revealed a low-density area in the posterior aspect of the left temporal lobe involving both the white and gray matter (left). Follow-up CTV demonstrates a filling defect within the sigmoid sinus due to thrombosis (right). and signs presented by the patients in both the positiveand negative-CTV groups could be explained by the head injury itself. Nevertheless, although without statistical significance, in the positive-CTV group more patients were severely injured (GCS score ≤ 8 on arrival) with a tendency toward a lower score on the GCS than the patients in the negative-CTV group. Moreover, within the positive-CTV group, all severely injured patients were found to have DST on their CTV scans, while most mildly to moderately injured patients had pure extraluminal obstruction (p = 0.007). This supports an association between the severity of injury and the formation of a thrombus within the DVS system. Moreover, 2 patients deteriorated due to sinus thrombosis: 1 patient had the signs and symptoms of increased ICP (e.g., headache, vomiting) and cranial nerve VI nerve palsy, and 1 patient had increased ICP. Both patients exhibited papilledema. In both patients, anticoagulation therapy was given and improvement was noted. Currently in our practice, patients who clinically deteriorate and for whom initial imaging shows a fracture adjacent to DVS, CTV is performed to exclude occlusion of the sinuses. If a thrombus is noted, anticoagulation therapy should be considered after taking into account the risk of rebleeding. Contrasting with our findings, other researchers 6, 19, 29, 36 did not find a correlation between the severity of the cranial trauma and the formation of DST.
As with the clinical manifestations, some radiological findings-such as intracranial air bubbles adjacent to the fracture line, contusions, and parenchymal hemorrhagesresulted from the cranial trauma itself rather than from the consequences of an obstructed DVS. Such radiological findings were detected almost equally on the NCCT scans of the patients with positive and negative CTV. On the other hand, white matter edema detected on the NCCT scans was more prevalent among patients in the positivethan the negative-CTV group (p = 0.01). Our observed rate of white matter edema is higher than reported in the literature 22 and can be explained by the different etiologies of the thrombosis. This statistically significant difference, and the higher prevalence of white matter edema among patients with a component of DST in the positive-CTV group (though this difference is not statistically significant), also suggests that an obstructed and especially thrombotic DVS has a distinct effect on the involvement of white matter edema among patients with DST. Moreover, since noncontrast CT is still the imaging technique of choice in most emergency departments, even in developed countries, all radiologists should be familiar with the early signs of sinus thrombosis. 18 Among the patients in the positive-CTV group, the involvement of the TS and sigmoid sinuses was more than 3-fold greater than that of the SSS. Importantly, patients with SSS involvement had a worse outcome (p = 0.05), probably because of the absence of an alternative route to flow. This tendency toward greater involvement of the TS and sigmoid sinus was reported by Stiefel et al. as well: 34 all 8 of their patients showed TS or sigmoid sinus thrombosis. This distribution is unique to traumatic DST. In contrast, in cohorts of patients with DST due to other causes, a tendency toward statistical equivalence between involvement of the SSS and between TS and sigmoid sinus was usually found. 7, 12 CTV provides a rapid and reliable modality for detecting DST. CTV is at least equivalent to MR venography for the diagnosis of DST and is considered the method of choice in trauma cases. 23, 24, 31 In addition, in many medical centers CTV is the only imaging technique, among the 3 mentioned above, that is available for the diagnosis of DVS obstruction in the context of head trauma. To evaluate the diagnostic value of the NCCT scan for DVS involvement among our patients, we compared its findings to those of CTV for each patient. The dense triangle sign was found on the NCCT scans of 8 patients in the positive-CTV group and in 1 patient in the negative-CTV group. NCCT has high specificity (95%), but low sensitivity (38%), for the detection of an obstructed DVS, with positive and negative predictive values of 89% and 59%, respectively. As a † Road accident together with injury due to a falling object were compared against falling from height for possible differences in outcome. ‡ When a patient had more than 1 sinus involved, the most severe obstruction was considered. § The mechanism of obstruction was determined according to the interpretation of the CTV scans. Pure extraluminal lesion indicates no evidence of a filling defect on the CTV scan, thrombus indicates a filling defect on the CTV scan, and both indicates evidence of a filling defect and an obstructive extraluminal lesion. ¶ The dural venous sinuses were subdivided into the lateral system (transverse and sigmoid sinuses) and the central system (SSS, confluence of sinuses, and sinus cerebelli). When more than 1 system was involved, the more severely obstructed sinus was considered.
consequence, a nonsignificant NCCT scan of head-injured patients with a fracture line adjacent to a DVS cannot rule out the presence of DVS obstruction. Therefore, further radiographic investigations with CTV should be executed to exclude DVS involvement in such patients. As might be expected, an unfavorable outcome, as was evaluated at 1 year after the injury in the neurosurgery clinic, tended to correlate with the severity of injury with complete rather than partial obstruction and the presence of a thrombus within a DVS. However, only the latter was found to be statistically significant (p = 0.02). A larger prospective study is needed to determine if an occlusive process of a DVS (thrombotic or extraluminal) is clearly related to poorer outcome, or if they are both (the occlusive process and the poorer outcome) unrelated results of an initial severe injury. However, according to our clinical experience with patients demonstrating posttraumatic DVS obstruction, it seems that-in addition to the major importance of the severity of the head injury itself-complete obstruction of a DVS lumen due to a thrombus formation, rather than extraluminal obstruction, has a distinct effect on outcome.
Only 2 patients in our cohort were treated specifically for the thrombotic process with anticoagulants, and both showed clinical and radiological improvement. Retrospective analyses of patients in the positive-CTV group revealed 3 additional patients among those with unfavorable outcome and 2 patients with favorable outcome, but long recovery times and moderate neurological deficits (GOS Score 4). These patients all had extensive DST and might have benefited from anticoagulant therapy. Although anticoagulation therapy was proven to be safe and effective for nontraumatic DST, even in the presence of intracranial hemorrhage, 5, 7, 13, 14 a randomized clinical study is needed to establish the safety and effectiveness of this treatment for traumatic DST.
Following our results, we established a revised protocol for patients with skull fracture crossing a dural sinus. If the patient suffers a moderate to severe head injury, we perform CTV and also a second CT, regardless of whether the patient was operated on. If the patient deteriorates, we perform CTV as soon as possible. Patients with mild head injury (GCS Scores 14-15) are observed more carefully with frequent neurological checks. If the symptoms of headache and/or vomiting persist, GCS deteriorates, or a new neurological deficit presents, we perform CTV. CTV is interpreted by a trained neuroradiologist to determine if there is flow disturbance and distinguish between thrombosis and extraluminal obstruction. If there is no flow in the sinus, then we consider the need for surgery (if there is extraluminal obstruction) or anticoagulant therapy in case of thrombosis. Figure 4 shows a proposed flowchart for identifying patients who may need treatment for a flow abnormality.
The data in our study raise several methodological issues that must be taken into account. First, the possibility of ascertainment bias needs to be considered. However, since we cross-matched data from 3 sources, 2 of which were computerized, we consider significant ascertainment bias to be unlikely. Second, the size of our cohort was not sufficient to define risk factors, either for the development of DVS obstruction in patients with a skull fracture adjacent to a DVS or for poor outcome among those who were found to have an obstructed DVS lumen (whether it was an extraluminal obstruction or DST). Nevertheless, in most cases, the more severely injured patients were followed in our institution until their neurological condition was stabilized. Third, a major limitation of our study is its retrospective design. As discussed above, further investigations are necessary to answer questions that arise from such clinical and radiological findings.
conclusions
The presentation of some degree of DVS distortion following head injury is more frequent than reported and occurs in half of patients with skull fracture adjacent to a DVS. The severity of the head injury appears to be correlated to the potential to develop DST. Routine NCCT is not sensitive enough for the detection of distorted DVS, and CTV should be performed to rule it out in patients with skull fractures adjacent to a DVS. We showed that in most patients with an established DVS distortion, the clinical course was benign. However, the potential for a devastating outcome does exist, especially in cases with an extensive thrombotic process and when the injury involves the SSS. Further investigations are needed to define the risk factors for severe outcome and establish the optimal treatment for these patients. Finally, we suggest a separate and more precise term-traumatic dural venous sinus distortion, with or without thrombosis-for cases of DVS involvement following head injury, instead of the traditional term of dural sinus thrombosis. 
